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Preface 
 
Dear Participants, 
 
Confronted with the ever-increasing complexity of technical processes and the growing demands on their 
efficiency, security and flexibility, the scientific world needs to establish new methods of engineering design and 
new methods of systems operation. The factors likely to affect the design of the smart systems of the future will 
doubtless include the following: 
• As computational costs decrease, it will be possible to apply more complex algorithms, even in real 
time. These algorithms will take into account system nonlinearities or provide online optimisation of the 
system’s performance. 
• New fields of application will be addressed. Interest is now being expressed, beyond that in “classical” 
technical systems and processes, in environmental systems or medical and bioengineering applications. 
• The boundaries between software and hardware design are being eroded. New design methods will 
include co-design of software and hardware and even of sensor and actuator components. 
• Automation will not only replace human operators but will assist, support and supervise humans so 
that their work is safe and even more effective. 
• Networked systems or swarms will be crucial, requiring improvement of the communication within 
them and study of how their behaviour can be made globally consistent. 
• The issues of security and safety, not only during the operation of systems but also in the course of 
their design, will continue to increase in importance. 
The title “Computer Science meets Automation”, borne by the 52nd International Scientific Colloquium (IWK) at 
the Technische Universität Ilmenau, Germany, expresses the desire of scientists and engineers to rise to these 
challenges, cooperating closely on innovative methods in the two disciplines of computer science and 
automation. 
The IWK has a long tradition going back as far as 1953. In the years before 1989, a major function of the 
colloquium was to bring together scientists from both sides of the Iron Curtain. Naturally, bonds were also 
deepened between the countries from the East. Today, the objective of the colloquium is still to bring 
researchers together. They come from the eastern and western member states of the European Union, and, 
indeed, from all over the world. All who wish to share their ideas on the points where “Computer Science meets 
Automation” are addressed by this colloquium at the Technische Universität Ilmenau. 
All the University’s Faculties have joined forces to ensure that nothing is left out. Control engineering, 
information science, cybernetics, communication technology and systems engineering – for all of these and their 
applications (ranging from biological systems to heavy engineering), the issues are being covered.  
Together with all the organizers I should like to thank you for your contributions to the conference, ensuring, as 
they do, a most interesting colloquium programme of an interdisciplinary nature. 
I am looking forward to an inspiring colloquium. It promises to be a fine platform for you to present your 
research, to address new concepts and to meet colleagues in Ilmenau. 
 
 
 
 
 
Professor Peter Scharff     Professor Christoph Ament  
Rector, TU Ilmenau             Head of Organisation 
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ABSTRACT 
 
 
The topic eLearning is taking on an increasingly important role in the discussion about 
modern teaching and learning methods. New technologies and in particular the Internet 
open many new opportunities, however in many cases these have not yet been 
exhausted. For example the management of large amounts of information and the 
provision of eLearning show that many demands remain to be met. Designing and 
Implementing of adaptive eLearning environments is a major point of interest. Currently, 
many learning environments offer little or no support for adaptivity. This is especially 
regrettable for personalize the content. In this paper we present a new SCORM 
compatible Metadata Driven Adaptive eLearning Environment (MAeLE). MAeLE is a 
framework for personalized adaptive eLearning. The adaptivity depends on the user 
characteristics and on adaptation metadata, which describe the contents and define how 
the adaptivity events should take place. The contents themselves do not contain any 
sequence logic or metadata. MAeLE generates a personalized course with adequate 
navigation and strategy at run time. A main advantage of MAeLE is its flexibility, 
extensibility and compatibility to SCORM standard. 
 
I- INTRODUCTION 
 
 
E-learning was identified as one of the very important areas in the last few years. New 
technologies and in particular the Internet open many new opportunities, however in 
many cases these have not yet been exhausted. Using the new technologies can 
improve the knowledge transfer itself. However, in order to be able to cover the 
problematic areas that can not be covered by these technologies [1] or the problematic 
areas of the learner himself like weaknesses and even disabilities of learners, eLearning 
contents should be personalized and adapted to the learner. 
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There are two main directions for improving the adaptivity in eLearning [2]. The first one 
is the learner-centric approach, while the other approach aims to improve the authoring 
facilities. The first approach describes how the learning contents can be adapted 
according to the learner's requirements. These requirements can be for example the 
goals of the user, previous knowledge or a preferred learning style. The data concerning 
to the preferences of the user and the events resulting from the user’s behaviour are 
stored in the user model. These data can be gathered by explicit user inputs, observing 
their behavior and by tracking the user’s progress [2].  
The second approach can be made by providing a more comfortable environment for 
creating, linking and reusing learning materials. The platforms, currently used in 
universities, provide a good support for student administration, progress tracking and 
editing tools for authors. However, the support for individualization and adaptivity is still 
to be developed [2]. 
The paper is organized as follows: In section (II) the well known adaptive eLearning 
environments are discussed. MAeLE will be presented in details in section (III). After 
that, we conclude with the main results and the future work in section (IV). 
 
II- RELATED WORK 
 
 
The Sharable Content Object Reference Model (SCORM) [3], is a well known model for 
eLearning environments. It has get a great acceptance in different fields of eLearning. 
However, the adaptation abilities of SCORM are very restricted and focused only on 
allowing the defining of several organizations for the same course and defining of 
sequencing information, which allows determining a set of rules to select the next activity 
to be shown. [4] tries to enhance SCORM with adaptivity. Adaptivity on two levels is 
proposed. The first is adaptivity at the activity level, while the second is adaptivity at the 
Sharable Content Object (SCO) level. Adaptivity at the activity level depends mainly on a 
set of sub-activities related to each other according to pre-defined adaptation rules. 
Adaptivity at the SCO level depends on self-adaptive SCOs. It is mentioned that the 
SCOs should be able to show different behaviors according to the user’s characteristics.  
Trnkova et. al. [2] present and implement an e-learning environment called Adaptive 
Learning Environment (ALE). It integrates an intelligent tutoring system, a computer 
instruction management system and a set of cooperative tools. This generic environment 
can produce individualized courseware for students, based on their current state of 
knowledge, their preferences and learning styles according to the chosen learning 
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strategy. The authors can create contents using pre-defined templates. These templates 
combine several content elements with different pedagogical functions, e.g. introduction, 
definition...etc. Metadata are added to each content element too. The user model 
records the “interaction history”, “tested knowledge”, and the “user's readiness”, which 
results from comparing the learner object pre-requests with the “interaction history” of 
the user. 
Leidig [5] presents a learning environment called L3 (life-long learning). L3 is a learning 
platform combining the functionality of a traditional Learning Management System (LMS) 
with the power of a Content Management System (CMS). L3 defines four types of 
containers of the course materials, namely learning networks, learning objects, 
instructional elements and tests. Instructional elements represent the actual learning 
contents. Many instructional elements are combined in a learning object. Learning paths 
are defined in each course depending on the relations between the elements and their 
content type. L3 defines two categories of strategies, macro and micro strategy. Macro 
strategies are responsible for defining the order of the higher-level elements, while micro 
strategies cover the order of the instructional elements. 
Conlan [6] proposes a multi-model metadata driven approach for adaptivity. This 
approach enhances the eLearning contents with metadata to support adaptivity. This 
approach separates the content and the sequencing logic into two models namely 
content and narrative model. The content model contains metadata description of a 
piece of learning content with a reference to this learning content, while the narrative 
model stands for the adaptive logic. The adaptivity engine uses these metadata and 
produces depending on the user model a personalized course at run-time. 
 
III- MAeLE: A METADATA DRIVEN ADAPTIVE ELEARNING ENVIRONMENT 
 
 
a) Objectives and requirements of MAeLE 
 
Similar to [6], in order to overcome the shortcomings of the other adaptive eLearning 
environments, the developed environment should deliver adequate eLearning 
experience to the learner. Of course, the pedagogical aspects should be taken into 
account. The developed environment should provide different adaptive effects based on 
different sets of models. Additionally, it should be extensible and accept new adaptive 
models and rules. The contents, built in this environment, should be reusable in other 
eLearning systems. Presentation and navigation adaptivity should be kept separate. This 
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helps to ensure the reusability. Adaptivity metadata should be added to the contents, 
navigation methods and strategies. New navigation methods and strategies should be 
added simply to the environment. A main requirement of the system is that it should 
react dynamically to any changes in the user’s behavior and change the whole or a part 
of the course. The behavior of the adaptive eLearning environment should be easy 
configurable through adequate parameters. An important requirement is that the 
developed eLearning environment should be compatible with SCORM model. 
 
b) Structure of MAeLE  
 
MAeLE extends the functionality of a traditional LMS through developing an adaptivity 
framework. The main structure of MAeLE is plotted in figure 1.  
The user model is used to characterize the user, mainly depending on the current state 
of knowledge, preferences, learning styles, goal of the course…etc. Some user 
parameters are entered by the user himself. Some others are obtained through tracking 
the user’s behavior during the use of the system. Keeping the user model in a separate 
block simplifies the extending of it and even enables the use of a new user model.  
It highly recommended that the content should be reusable. Therefore, the eLearning 
contents should not contain any sequence logic or metadata. The eLearning contents 
are saved in small meaningful learning objects, referred to assets in SCORM model. The 
metadata for each asset are written in a separate database, called “Metadata” in figure 
1. These metadata describe the content and contains adaptive data, which will be used 
to build / alter the adaptive course. A reference to the adequate strategy should exist in 
these metadata, if the asset is only suitable for one or more strategies. 
Metadata about the supported eLearning strategies and navigation methods are 
recorded in separate databases, called “Dedactical Strategies” and “Navigation” in 
figure 1. These metadata contain a description of the strategies / navigation methods 
and a pointer to the actual implementation of strategies / navigation methods. This 
enables adding new strategies and / or new navigation methods simply to the system 
without the need to change the code of other parts of MAeLE. 
The adaptation engine is the main component of MAeLE, its task is to determine the 
structure of the course, depending on the user’s characters and on the metadata. In 
other words, it has to define the adequate eLearning contents as well as the adequate 
strategy and navigation method for a certain user. The adaptation is relayed on some 
adaptivity rules. In order to make MAeLE flexible and extensible with respect to new 
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adaptivity rules, these rules are recorded in a separate database, called “Rules” in  
figure 1. In this way new adaptation rules can be added easily to the system. The 
adaptation engine should read only the adaptation metadata and the adaptation rules 
and generate thereafter the structure of the desired course.  
Figure 1: Structure of MAeLE 
The output of the adaptation engine is a set of parameters, which defines accurately the 
desired contents, the adequate strategy and the suitable navigation method. These 
parameters are fed in the content generator, which in turn generates the required course 
and build the defined navigation. 
 At run time, the system records the behavior of the user, e.g., which links has been 
visited, which kind of eLearning content is preferred…etc. The user’s behavior can be 
tracked using other technologies, e.g., eye tracking [7]. This may change the user’s 
characters on run-time. MAeLE reacts dynamically on such changes and re-generates 
the whole or a part of the course. In addition to this, the system may propose changing 
or altering some rules, depending on the obtained experience. These changes should be 
performed however by an administrator to ensure that the system stays controllable.  
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In this paper we have presented a new metadata driven adaptive eLearning environment 
(MAeLE). The proposed environment extends the functionality of a traditional LMS 
through an adaptivity framework. MAeLE generates personalized eLearning courses 
with an adequate navigation and strategy at run time. The adaptivity in MAeLE depends 
on the user’s characteristics and on adequate metadata. The separation between 
contents and sequence logic or metadata enables the reusability of the contents, which 
is a main requirement of an eLearning environment. The proposed framework is flexible 
and extendable. New rules, strategies, navigation methods and contents can be simply 
added to the environment. The main advantage of MAeLE is its compatibility with 
SCORM. This enables it to be integrated in current LMSs. 
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